-diphenylimidazole] reaction system, aiming at understanding and assessing the relative strength and the way in which the intermolecular interactions control the supramolecular organization of these compounds. In the mononuclear complex 1 · 2MeOH, the benzoate ion acts as a monodentate ligand resulting in a distorted tetrahedral N 2 O 2 coordination environment. Complex 2 · 2MeCN exhibits a dinuclear paddle-wheel structure; each Ni II has a square pyramidal NiNO 4 chromophore with four benzoate oxygens in the basal plane and the pyridine-type nitrogen atom of one ligand L at the apex. The structure of 1 · 2MeOH is stabilized by intramolecular π-π interactions between aromatic rings of adjacent 4,5-diphenylimidazole moieties; it is a feature also evidenced in similar compounds of the type [MX 2 L 2 ].
Introduction
Imidazole and its derivatives have played a formative role in the development of coordination chemistry [1, 2] . Many hundreds of neutral complexes and complex ions containing imidazoles have been prepared and characterized. The variety of spectroscopic properties and stoichiometries observed led to an improved understanding of the geometry and bonding in complexes and provided a touchstone for bonding theories. Imidazoles are particularly interesting ligands in bioinorganic [3, 4] and metallosupramolecular [5] chemistry. In the former field, imidazoles mimic the side chain of histidine and are valuable in biological modeling. Metalloenzyme synthetic models target the enzyme active site structure, spectroscopy, and mechanism of action. Further, bioinorganic models may also lead to compounds which mimic enzyme function and provide new reagents or catalysts for practical application. In the latter field, the presence of both donor atoms to metal ions and hydrogen bond donors within imidazoles, combined with the π-excessive character of the 5-membered heterocyclic ring, can lead to intermolecular assembly of metal complexes through ligandligand or ligand-inorganic anion interactions. In spite of the enormous scientific literature on metal complexes with simple imidazoles as ligands, there is in fact relatively little known about the coordination and metallosupramolecular chemistry of heavily substituted imidazoles [1] .
It is well established nowadays that the most prominent intermolecular interactions responsible for the supramolecular organization of metal complexes are hydrogen bonds and π-π stacking interactions [6] [7] [8] [9] [10] [11] . With this in mind, an investigation has recently been initiated to determine the crystal structures of a designed series of transition metal complexes using heavily substituted imidazole ligands aiming at understanding the relative strength and the way in which these interactions control the noncovalent assembly of molecular building blocks in supramolecular systems [12] . In particular, 1-methyl-4,5-diphenylimidazole (L) (Scheme 1), a monodentate ligand capable of forming π-π interactions, has been selected to initiate our studies. So far, there have been only few studies on the coordination chemistry of L [13, 14] . The general reaction system currently in use involves
in various solvents and the first Co(II) and Zn(II) complexes have already been reported [12] .
In this study we present our results on the 
Experimental

Materials and Instruments. Chemicals (reagent grade)
were purchased from Merck and Alfa Aesar. All manipulations were performed under aerobic conditions using materials and solvents as received; water was distilled inhouse. The ligand 1-methyl-4,5-diphenylimidazole (L) was synthesized as already described in a previous work [15] . Microanalyses (C, H, N) were performed by the University of Ioannina (Greece) Microanalytical Laboratory using an EA 1108 Carlo Erba analyzer. IR spectra were recorded on a Perkin-Elmer PC 16 FT-IR spectrometer with samples prepared as KBr pellets. 
Compound Preparation
2.2.1. Preparation of [Zn(O 2 CPh) 2 (L) 2 ]·2MeOH (1·2MeOH
X-Ray
Crystallography. Selected single crystals of 1·2MeOH and 2·2MeCN were covered with Paraton N oil and mounted on the tip of a glass capillary. X-ray data for both compounds were collected (ω-scans) on an Oxford Diffraction Xcalibur diffractometer under a flow of nitrogen gas at 100(2) K (MoKα radiation). For data collection and reduction the CrysAlis CCD and RED packages were employed [16] , respectively. The reflection intensities were corrected for absorption (multiscan method), the structures were solved by direct methods with SIR92 [17] and refined by full-matrix least-squares on F 2 with SHELXL-97 [18] . All nonhydrogen atoms were refined anisotropically. All hydrogen atoms bound to carbon atoms were introduced at calculated positions applying the riding model [C(sp 2 )-H and C(sp 3 )-H 0.93 and 0.96Å, respectively; U iso (H) = 1.2U eq (C) (1.5 for Csp 3 methyl groups) of their parent C atom]. The hydroxyl hydrogen atoms of the solvent molecules in 1·2MeOH were located by difference maps and their positions were refined isotropically [U iso (H) = 1.5U eq (O)] applying a soft distance restraint. All geometric calculations were carried out using WINGX [19] , PLATON [20] , and MERCURY [21] packages; molecular graphics were prepared with DIAMOND [22] . Details of the data collection and refinement are summarized in Table 1. CCDC-771769 and CCDC-771770 contain the crystallographic data for 1·2MeOH and 2·2MeCN, respectively. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. Index ranges The IR bands of L [13] do not shift significantly in the spectra of 1 and 2. The ν as (CO 2 ) band is difficult to assign in the spectra due to the appearance of various stretching vibration and the δ as (CH 3 ) mode in the 1630-1420 cm −1 region; thus, the application of the spectroscopic criterion of Deacon and Phillips [24] seems impossible [25] . The bands at 1366 and 1402 cm −1 in the spectra of 1 and 2, respectively, can safely be assigned to the symmetric carboxylate stretching mode, ν s (CO 2 ), of the benzoato ligands [24] . A1: N1A-C2A-N3A-C4A-C5A; A2: C7A to C12A; A3: C13A to C18A; B1: N1B-C2B-N3B-C4B-C5B; B2: C7B to C12B, B3: C13B to C18B.
Results and Discussion
Description of the Structures.
The molecular structures of complexes 1·2MeOH and 2·2MeCN are shown in Figures 1  and 2 , respectively, selected bond lengths, angles, and torsion angles are listed in Table 2 • and 67.0(1)
• , respectively. Moreover, the imidazole ring A1 is facing the phenyl ring B2 [10.5(1) • ] and, similarly, the imidazole ring B1 is facing the phenyl ring A2 [4.9 (1) • ] forming weak intramolecular interligand π-π interactions among those pairs of rings (Table 3) . It seems that steric effects and the distorted tetrahedral geometry of the Zn(II) centre [N3A-Zn1-N3B = 96.6 (1) • ] facilitate those π-π interactions. Similar intramolecular π-π interactions between L A and L B have also been reported for Pd II [14] , and Co II and Ni II [12] complexes with L, in a series of analogous complexes of [27, 28] . This structural feature records a preferable mode of packing between adjacent ligands bearing the 4,5-diphenylimidazole moiety and provides stabilization within the complex; it also supports the suitability of the ligand L as a crystal engineering tool, namely, its effect, through the π-π interactions, in the assembly and packing of complexes in inorganic supramolecular chemistry [29, 30] . The length of the C-C and C-N bonds of the imidazole groups, for both 1·2MeOH and 2·2MeCN, are as expected in [31] ; the Zn-N and Zn-O bond lengths are normal for this kind of compound. One of the methanol molecules (O5) in the lattice is involved in two strong intramolecular O-H· · · O hydrogen bonds to the noncoordinated oxygen atom (O2) of one benzoate and to the second methanol (O6) molecule. There is also a weak C-H· · · O(benzoate) interaction involving the noncoordinated oxygen atom (O4) of the other benzoato ligand. The packing of the molecules in the crystal lattice proceeds through normal van der Waals contacts and some weak intermolecular C-H· · · O interactions contributing to the supramolecular assembly of the structure (Table 4) . It is known that C-H· · · O bonds could play a role in the organization of crystal packing, especially when classic hydrogen bonding is absent [32] [33] [34] [35] . A view of the crystal packing of complex 1·2MeOH is shown in Figure 3 . The dinuclear paddle-wheel type complex 2·2MeCN, [Ni 2 (O 2 CPh)) 4 (L) 2 ]·2MeCN, crystallizes in the monoclinic space group C2/c with two solvate acetonitrile molecules. The asymmetric unit comprises half molecule of the complex and one acetonitrile molecule, and the structure is generated by inversion at the midpoint of the Ni· · · Ni distance. The four bidentate benzoate groups bridge the two Ni ions in a paddle-wheel arrangement about the Ni· · · Ni axis. Thus, each Ni II atom is penta-coordinated exhibiting a square pyramidal geometry with the apex occupied by the pyridine-type, imidazole nitrogen donor atom (N3A) of one monodentate 1-methyl-4,5-diphenylimidazole ligand. The Ni to apical N3A atom distance is 2.017(2), the four Ni-O(benzoate) bond lengths range from 2.008(2) to 2.039(2)Å, and the Ni· · · Ni-N3A angle is 160.8 (1) • . The Ni atom lies 0.266(1)Å out of the least-squares basal plane towards N3A atom. The Ni· · · Ni distance is 2.734(1)Å, shorter than the maximum distance of ∼3.5Å that the tetracarboxylate paddle-wheel motif can accommodate for metal-metal separations. The acetonitrile molecule is linked 
to the complex via a weak C-H· · · O1(benzoate) interaction ( [36] . It is found not only for carboxylates of many transition elements, but also for dimers containing a wide variety of other triatomic bridging ligands. This structural type is associated with a spectrum of metal-metal interactions ranging from no interactions, weak or moderate spin-pairing in the copper(II) carboxylates, various orders of metal-metal bonding, to the "super-short" metal-metal bonds (M-M < 2Å). The axial groups are normally monodentate ligands but they may represent interdimer association into a polymeric structure or may be absent. It should be mentioned that attempts were made to prepare metal(II)-benzoate complexes with the 1-methyl-4,5-diphenylimidazole ligand for the divalent metals Co, Ni, Cu, and Zn, varying the factors that could affect the self-assembly of supramolecular architectures (such as the solvents used, temperature, counter-ion, the ligand-to-metal ratio, method of preparation, etc.). However, our trials yielded only the present two crystalline materials. It seems that the capability of the benzoate group to adopt different ligation modes plays, at least in the present case, a role in the formation of different coordination structural types. ]·2MeCN (2·2MeCN) compound. The different benzoate binding mode to the metals used, monodentate in the former and bidentate in the latter complex, has led to two different coordination geometries for the two divalent metals. The characteristic structural pattern [12] of the intramolecular π-π interactions between aromatic rings of adjacent 4,5-diphenylimidazole moieties of the two L ligands is also present in the structure of 1·2MeOH and contributes to the stability and rigidity of the structure.
Conclusions
